Association of Glutathione-S-Transferase M1 and T1 Genes Polymorphism with Bronchial Asthma in Children
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Background: Oxidative stress is thought to be involved in the pathogenesis of asthma. Glutathione-S-Transferase (GST) enzymes, which play an important role in antioxidant defenses, may therefore influence asthma risk.  Polymorphism of GSTT1 and GSTM1 genes have been associated with asthma in children and adults, but results are inconsistent across studies
Objective:the aim of the present study was to assess the association of these genes with childhood bronchial asthma.

Methods:  Forty four stable atopic asthmatic children and 30 healthy control subjects with no history of asthma or other atopic manifestation were studied.  Genotyping the polymorphisms in the GSTT1 and GSTM1 genes were performed using the multiplex PCR technique.
 Results: GSTT1 null genotype was significantly associated with the increased risk of bronchial asthma (P = .000) .Also, we have found that GSTM1  null genotype  was not significantly associated with increased risk of  bronchial asthma.
Conclusion:  Polymorphisms of the GSTT1 gene was associated with risk of asthma in children, and GSTM1 polymorphism do not play a major risk in the development of bronchial asthma in children.
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Introduction

Asthma is a chronic inflammatory disorder of the airways in which oxidative stress in the lungs has been implicated in its pathogenesis (Ercan et al, 2006). This chronic inflammation is associated with bronchial hyper-responsiveness (BHR) that leads to recurrent episodes of wheezing, breathlessness, chest tightness, and cough, particularly at night and/or in the early morning. These episodes are usually associated with widespread but variable airflow obstruction that is often reversible either spontaneously or with treatment (GINA, 2008). The inflammation also causes an associated increase in the existing bronchial hyper-responsiveness to a variety of stimuli (Lemanske et al, 2003).
   There is evidence that a genetic predisposition may also alter the capability of the air ways to protect itself  against inhaled toxic substances from the environment. Several candidate genes were implicated in the development of asthma. It has been reported that prevalence of these candidate genes vary considerably by ethnicity (Ober et al, 2000).
   The members of the super-gene family of Glutathione-S Transferases (GST) represent a large and diverse super family of enzymes, with at least 13 GST enzymes belonging to five different families: mu, theta, alpha, pi and gamma. The GSTM1 and GSTT1 belong respectively to GST mu, and GST theta categories of enzymes. GSTs are known to play an important role in the functioning of anti-oxidant through reactive oxygen species (ROS) metabolism, in the repairing of damaged ROS and in the detoxification of several xenobiotics such as carcinogens found in tobacco smoking (Hayes and Pulford, 1995), ( Strange et al, 2000). The role played by GSTs may be especially important in response to oxidative stress. Common homozygote deletion polymorphism of the GSTM1 and GSTT1 genes, have been known to abolish enzyme activity and increase susceptibility to oxidative stress (Coton et al, 2000). Previous studies have confirmed or refused an association between either GSTT1 or GSTM1 polymorphism and asthma risk. 
The aim of the study:
The aim of the present study was to assess the association of these genes with childhood bronchial asthma. 
Subjects and methods.
The present study included 44 atopic asthmatic children during their regular follow up at Al  Mounira hospital during the period from January 2008 to June 2009.  Their ages ranged from 5 - 14 years. Twenty six children were males and 18 were females.

Patients were classified according to National Asthma Education and Prevention Program (NAEPP) updated (2007) into 15 cases mild persistent asthma, 27 cases of moderate persistent asthma, and 2 cases with severe asthma. 

Another 30 healthy age and sex matched subjects with no personal or family history for asthma or other atopic manifestations were included as a control group. 

All cases and control subjects were subjected to  detailed history taking for asthma and other atopic manifestations, chest examination, peak expiratory flow rate (PEFR), and  laboratory investigations including complete blood picture (CBC) and essay of serum IgE level.
 After written informed consents were obtained from the parents of all participants, blood samples were collected from them. Four ml blood was collected in sterile EDTA vacutainers for genotyping and CBC, and 4 ml were collected for IgE detection . 
Quantitation of IgE in serum by ELISA:
 Quantitative determination of immunoglobulin E (IgE) concentration in serum was done using enzyme immunoassay test kit provided by international immuno- diagnostics, USA.
Genetic study for all cases and control:
       Genomic DNA was extracted from the whole blood using EZ-10 spin column Blood Genomic DNA Minipreps kit (Biosystems, California, US) and stored at - 20°C until genotyping were performed.
Multiplex Polymerase chain reaction ( PCR) was carried out to determine the presence or absence of GSTM1 and GSTT1 gene using primer pair:

5’-GAA CTC CCT GAA AAG CTA AAG-3’; 5’-GTT GGG CTC AAA TAT AGG GTG G-3’ and 5’-TTC CTT ACT GGT CCT CAC ATC TC-3’  ; 5’-TCA CCG GAT CAT GGC CAG CA-3’ to synthesize 215 and 480 bop, respectively. Β-globulin was co-amplified as an internal standard using the primer pair 5’-CAA CTT CAT CCA CGT TCA CC-3’ and 5’-GAA GAG CCA AGG ACA GGT AC-3’to synthesize 268 bop PCR amplification.

Genomic DNA (100-150ng) was amplified in a total volume of 25 μl reaction mixture containing reaction buffer of 1.5mM Mg Cl2, 20pmol of each primer, 200μM of each dNTPs and 0.5 unit of Taq polymerase.

Initial denaturation was carried out at 94˚C for 5 minutes and then 35 cycles of 94˚C for 1 minute, 58˚C for 1 minute, 72˚C for 1 min, and final polymerization step at 72˚C for 10 minutes. The amplification products were analyzed by gel electrophoresis (2% agarose). The absence of amplification products was consistent with null genotypes figure(1). Although this technique does not distinguish between heterozygotes and homozygotes of positive genotypes, it identifies conclusively the null genotypes ( Bajpai, Tripatai and Agrawal, 2007).
Statistical methods
        Data was coded and entered using the statistical  package SPSS version.

        Data was summarized using mean, SD, and range for quantitative variables.

        Comparison between groups was done using a chi square test for qualitative variables  while independent sample T test was used for normally distributed  quantitative variables, and non parametrical mann-whitney test was used for  quantitative variable which are not normally distribute,  p-value less than or  equal to 0.05 were considered was statistically significant.
Results and data analysis:
Characteristics of study and control groups
Table (1) shows comparison of selected data (age, sex,asthma severity, serum IgE, absolute eosinophilic count (AEC) in asthmatic and control groups.
       In the current study, the serum IgE level was significantly higher in asthmatic patients than in control group, P value =0.000.

       Out of the 44 studied children: 15 (34.1%) cases were diagnosed as mild persistent asthma, 27 (61.4%) cases were diagnosed as moderate persistent asthma, and 2 (4.5%) cases were diagnosed as severe persistent asthma. Comparison between the genotype and the severity of asthma in the studied groups show no statistical differences. 

Table (1) : Characteristics of study and control groups
	P value
	Control group

n:30
	Study group

n:44
	

	-
	102.37±(24.91)
64-157
	103.73±(29.50)

61-169
	Mean  ±SD
range
	Age/month

	-
	16 (53%)
14 (42%)
	26 (59.1%)
18 (40.9%)
	Male
Female
	Sex

	-
	-
	15 (34.1%)
27 (61.4%)
2  (4.5%)
	Mild P
Moderate P
Severe P
	Asthma severity

	0.000
	107.61± (56.09)

19.70-265.70
	203.45 ±(143.24)

63-803
	Mean  ±SD
range
	Serum IgE

(IU/L)

	0.574
	350.07± (208.94)

68-940.00
	387.02±(256.84)
00-990
	Mean ±SD

Range
	Absolute eosinophilic count

(AEC) (cell/mm)


Data are represented as frequency (percentage).

Significant P value: ≤ 0.05
Results of GSTM1 and GSTT1 genotyping:
GSTM1 gene was present in 32 (72.7%) subjects in the study group versus 19 (63.3%) subjects in the control group, and it was absent in 12 (27.3%) subjects of the study group versus 11 (36.7%) subjects in the control group. Results were it was not statistically significant  (P value=0.391).
        GSTT1 genotype was highly significantly associated with asthma when compared to the control group as GSTT1 null genotype was more frequent in the asthmatic group. OR= 9.389 (2.794-31.553). It projects a 9.389 folds increased risk for bronchial asthma in individuals with GSTT1 null genotypes comparing to those processing both allele of the gene. Data are shown in table (2) and figure (1).
Table (2): Comparison between cases and control groups as regard allelic polymorphism:

	
	Cases
	Control
	P-value


	OR

(95% CI)

	GST M1 present
	32/44

(72.7%)
	19/30

(63.3%)
	0.391
	1.54

(0.57-4.179)

	GST M1 null
	12/44

(27.3%)
	11/30

(36.7%)
	
	

	GST T1 present
	18/44

(40.9%)
	26/30

(86.7%)
	0.00*
	9.389

(2.794-31.553)

	GST T1 null
	26/44

(59.1%)
	4/30

(13.3%)
	
	


Data are represented as frequency (percentage).

*Significant P value: ≤ 0.05


Fig(1):    Agarose gel electrophoresis showing genotypes analysis of GSTT1 (480bp) and GSTM1 (215bp) using multiplex PCR. β globin (268bp) was co-amplified in all samples as internal control .
Lanes 2, 5, 7, and 10 show deletions of GSTM1.
Lanes 5,6,7,9 and 10 show deletions of GSTT1.

Lanes 1, 3, 4, 8, and 11 show presence of both genes.
Discussion
The glutathione S-tansferase (GST) super family of enzymes has a vital role in phase II of biotransformation of  xenobiotics and in protection of cells from reactive oxygen species (ROS) by its ability to utilize substrates of a wide range of products of oxidative stress. Oxidative stress was reported to be the key component of inflammation. Inflammation was considered a characteristic of asthma disease when it attacked airways. So defect in detoxifying ROS may influence the development and severity of asthma (Hayes and Pulford, 1995).

     GSTT1 is located on chromosome 22 (Pemble et al, 1994),  GSTM1 is located on chromosome 1p13 and GSTM1 null genotype results in no protein expression (Caroll et al, 2005).
      The results of the current study suggest the presence of association of GSTT1 with childhood asthma in comparing asthmatic children to healthy controls. Results have demonstrated a significant association between subjects lacking GSTT1 activity and asthma (P=0.000)
There findings are substantiated by Islam et al, 2009, they suggested that GSTT1 null Genotype was associated with an increased risk of asthma associated with exercise, especially in high ozone communities.
       Moreover,   Babusikova et al, 2009 found that  GSTT1 null genotype was more frequent among the asthma patients. These results suggest that the GSTT1 null genotype and increased oxidative stress may play a role in the asthma pathogenesis in children.

       The same results were also found by Chelbbi  Hanini et al (2007), who detected significant association of GSTT1 null genotype with childhood asthma in Tunisian children.

      Also, Brash Anderson et al, 2004 suggested that GSTT1 null genotype may play an important role in asthma pathogenesis and it is possible that intermediate electrophilic metabolites arising from the first phase of detoxification are not metabolised by GST enzyme in asthmatic patients. These intermediate metabolites may damage cells and generate oxidative stress which contributes to the pathogenesis of asthma.

      Tamer et al, 2004 suggested the association of GSTT1 null genotype with increased risk of asthma.

    Contradictory results were found as regard GSTT1 Caroll et al, 2005 and Gilliland et al, 2002, found no association between GSTT1 polymorphism and bronchial asthma.
   Rogers et al, 2009 suggested increased risk of asthma and asthma related phenotypes in association with GSTT1 null homozygous genotype in children is restricted only to those with a history of intrauterine exposure to tobacco smoke.    

       As regards GSTM1, the present study didn't detect any association between its genotype and bronchial asthma.

GSTM1 is located on chromosome 1p13 and GSTM1null genotype results in no protein expression (Caroll et al, 2005).
The Avon Longitudinal Study of Parents and Children (ALSPC), 2004 recruited 14541 pregnant women with 14062 live born children. The study collected data on asthma in children at age 7.5 years. The results revealed no association between asthma and GSTM1 polymorphism.

Sandford, 2004 found no association between GSTM1 null genotype and bronchial asthma in Asiatic groups.

      On the contrary  Brash Anderson et al, 2004 and his colleagues recruited 452 asthmatic children with their parents and found strong evidence of an association of GSTM1 homozygous deletion with asthma (P<0.0005).
        Kabesch et al, 2004 suggested that GSTT1 anaGSTM1 only confers risk to the development of asthma when the children were exposed to smoke.
   Caroll et al, 2005 stated that deletion of gene pivotal to oxidative stress seems to increase the lung volume, with a surprising observation that GSTM1 null genotype in childhood is associated with increased lung function in childhood .

        High serum IgE level was detected in our cases with a mean level of (203.45 IU) compared with a lower mean level (107.61 IU) in control cases P value was 0.000 which is consistent with Micheal et al, 2005.  They reported that total serum IgE levels greater than 100 IU are frequently observed in patients experiencing allergic reactions but it is not specific for asthma and may be observed in other allergic conditions (Lannier, 2003).
        Also, Ottgen and Geha (2001), stated that asthma and predisposition to produce IgE are inherited as linked traits in families and in patients. 
These contradictory results could be explained by several reasons. The pathogenesis and aetiology of asthma is very complex and an interaction of multiple genetic loci and a variety of environmental factors has been suggested as important determinants of the disease (Maddox and Shwartz, 2002) and (Sengler et al, 2002).
       Endotoxin or other pathogens-associated molecules particularly with  GST genes may modulate their role in asthma (Von Mutius,2009). 

        There is evidence suggesting that  GST genes, particularly GSTM1 and GSP1, might interact with air pollution  exposure in exacerbating respiratory symptoms and decreasing lung function in asthmatic individuals ( Romieu et al, 2006), (Gilliland et al, 2006).
An important methodology point regarding studies on GSTT1or GSTM1 gene dosage  are correlated with altered enzyme activity, and analysis in a dose dependent manner would best describe any disease outcome association (Sprenger et al, 2000) and (Mclellan et al, 1997).

Heterogeneity in geographic location and ethnicity in different locations is an important reason for the contradictory results (Caroll et al, 2005). 

      The present study was conducted on Egyptian children while other study populations were Caucasian and German individuals, so it is possible that there is significant degree of genetic difference between the two populations (ethnicity, age and asthma severity).  Our study population were geographically different lending difference in the range of environmental triggers to which the two populations are exposed different groups of genetically predisposed individuals predisposed to asthma. 
       In conclusion the current study demonstrated a significant statistical association between GSTT1 polymorphism and bronchial asthma and no significant association was detected between GSTM1 polymorphism and bronchial asthma in children.   
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الملخص العربي
 العلاقة بين تعدد أشكال جين الجلوتاثيون-س-ترانسفريز ميو1و ثاى 1

و الاصابة بحساسية الصدر فى الاطفال

يعتبر الربو الشعبي من الأمراض المزمنة  الأكثر شيوعا عند الأطفال وتتراوح نسبة الاصابة به من صفر إلى 30% في مختلف الشعوب .

ويورث الربو الشعبي عن طريق "اضطرابات جينية مركبة " .

   ان جلوتاثيون-س- ترانسفريز هي مجموعة من الانزيمات اللآيضة التي تتعلق بمنع الاكسدة الناتجة عن الملوثات البيئية و الهيدروكربونيات.   

ان الاختلافات الوراثية فى كفاءة هذه الانزيمات قد تكون عامل وراثى مهم فى امكانية الاصابة بحساسية الصدر. 
كما ان جلوتاثيون-س- ترانسفريز هي عائلة كبيرة تتضمن الانزيمات الخاصة بالمرحلة الثانية التي تساعد علي ازدواج المواد المتفاعلة مع الجلوتاثيون.

و قد تم التعرف على  عدة انواع من جلوتاثيون-س- ترانسفريز فى الانسان:الفا- ميو و اوميجا.

ان جلوتاثيون-س-ترانسفريز ميووثيتا هما من الجينات التي من وظائفها يتم التعامل مع السموم الداخلية و الخارجية و تحويلها الى مواد اقل ضررا و يسهل اخراجها من الجسم, وقد تم التعرف عليها في عدد كبير من الناس مع الأخذ فى الاعتبار بالاختلافات السلالية.

هذه الدراسة موجهة للكشف عن التكوين الجينى لجلوتاثيون-س- ترانسفريز و علاقته مع حدوث حساسية الصدر و قد تم التعامل مع 44 حالة من حالات حساسية الصدر 26  من الذكور و  18 من الإناث و تتراوح أعمارهم من 5   الى 14سنة.   

وتم عمل الآتي لجميع الحالات :

· أخذ تاريخ مرضي وإجراء فحص إكلينيكي شامل وقياس وظيفة التنفس PEF  وفحوص معملية روتينية وأبحاث جينية عن طريق تفاعل البلمرة المتسلسل.
و قد كشفت هذه الدراسة عن زيادة نسبة حدوث حساسية الصدر فى انعدام التكوين الجينى لجلوتاثيون-س- ترانسفريز ثيتا . 

ومن هنا نستطيع أن نستنتج من خلال هذه الدراسة زيادة نسبة الإصابة بالربو الشعبى مع وجود انعدام التكوين الجينى لجلوتاثيون-س- ترانسفريز ثيتا. 
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